The aim of this study was to compare the alterations in intraocular pressure (IOP) values during the early postoperative period after intravitreal ranibizumab, aflibercept, or dexamethasone implant injections.
Background
Nowadays, intravitreal anti-vascular endothelial growth factors (VEGFs), such as ranibizumab, aflibercept, and bevacizumab injection therapy, are commonly used to treat many disorders associated with inflammation such as retinal vein occlusion, age-related macular degeneration, and diabetic macular edema [1, 2] . Owing to their large clinical usage, there is accumulating data about the adverse effects of intravitreal anti-VEGF injections [3] .
Intravitreal injection of anti-VEGF agents was associated with an increase in the intraocular pressure (IOP), most probably due to volume effect [4] . Transient increases in IOP values have been defined commonly in especially the first 30 minutes after injection that were returned to baseline levels in follow-ups [5] [6] [7] . On the other hand, sustained IOP elevations might also be seen after anti-VEGF injections especially after multiple injections in patients with a history of glaucoma [8] . Moreover, in patients with age-related macular degeneration, the risk of sustained IOP elevations was also reported to be increased [9, 10] .
In this study, we aimed to compare the alterations in IOP values during early postoperative period after intravitreal ranibizumab, aflibercept, and dexamethasone implant injections; and to determine the association of IOP alterations with preoperative axial length (AXL) and anterior chamber depth (ACD). To the best of our knowledge, the data comparing these 3 agents in the literature is limited. We aimed to define a prognostic marker in preoperative period that might aid us to define the patients who require IOP follow-up after intravitreal anti-VEGF injections.
Material and Methods
The study was approved by the local ethics committee of Erzincan University Clinical Research Ethics Committee Erzincan, Turkey (Ethics Committee Number: 33216249-604.01.02-E.47674, Date: November 22, 2016). The study was performed in Erzincan Mengücekgazi Education and Research Hospital between January 2016 and November 2016
In this retrospective study, a total of 188 patients (106 male and 82 female) who were scheduled for intra-vitreal ranibizumab, aflibercept, or dexamethasone implant injections and who did not have any intravitreal injections before were included. Patients with the history of glaucoma, history of ocular hypertension, patients with preop IOP bigger than 22 mm Hg, corneal diseases affecting IOP measurement, narrow iridocorneal angle, and patients having any surgical or medical ocular treatment were excluded from the study. Patients with the diagnosis of age-related macular degeneration, central retinal vein thrombosis, branch retinal vein obstruction, or diabetic retinopathy who were having edema or leakage on macula in fundus fluorescein angiography and optical coherence tomography were included in the study. The patients were grouped into 3 groups: the ranibizumab group (n=81; 0.5 mg/0.05 mL ranibizumab was injected), the aflibercept group (n=53; 2 mg/0.05 mL aflibercept was injected) and the dexamethasone group (n=54; 0.7 mg dexamethasone implant was injected). All patients underwent a detailed ocular examination. Ocular AXL and ACD were measured in pre-injection period with optic biometry (AL Scan, Nidek). IOP was measured with i-care tonometry (Icare TAO1i, Icare Finland) just before the injection at 1 minute, 10 minutes, 1 hour, 1 day, and 1 month after injection in a sitting position. All of the drugs were injected by one experienced surgeon in the operating room. After topical anesthetic proparacaine 0.5% (Alcaine, Alcon-Belgium) a solution of 10% povidone iodine was used for ocular disinfection. Sterile drape and lid speculum were applied before injection. Ranibizumab and aflibercept injections were performed using a 30-gauge needle; dexamethasone implant was performed using a special 23-gauge needle from superotemporal pars plana at 4 mm from the limbus throughout the displaced conjunctiva in a tunneled way. After that the injection site was compressed by a rigid sponge at least 5 seconds to prevent vitreous or drug reflux. A subconjunctival blep formation at the injection site was considered positive for reflux. And all reflux positive patients were excluded from the study. After the injection light perception was checked in all patients.
Statistical analyses
Statistical analyses were performed using SPSS software version 21.0 (SPSS Inc, Chicago, IL, USA). Descriptive statistics for the continuous variables were presented as mean ± standard deviation; while count and percentages for categorical variables. One-way ANOVA was used to compare the group means. Tukey multiple comparison test was also used to identify different group means followed by ANOVA. In addition, chi-square test was performed to determine the relationship between categorical variables. Pearson correlation analysis was performed to define the association of IOP alterations with the AXL and ACD. Statistical significance level was considered as 0.05.
Results
A total of 188 patients who were treated with 3 different intravitreal injections were included in the study. There was not any statistically significant difference regarding age or gender among the 3 groups (Table 1) . Preoperative diagnoses of patients were age-related macular degeneration (49 patients in ranibizumab group and 33 patients in aflibercept group), central retinal vein thrombosis (6 patients in aflibercept group and 40 patients in dexamethasone group), branch retinal vein obstruction (17 patients in ranibizumab group, 14 patients in aflibercept group and 7 patients in dexamethasone group) and diabetic retinopathy (15 patients in ranibizumab group and 7 patients in dexamethasone group).
In ranibizumab or aflibercept injected groups; IOP was not over 40 mm Hg in any patients and in dexamethasone implant group, IOP was not higher than 25 mm Hg in any patients. There were not any problems observed in any patients in the control of retinal artery occlusion immediately performed after injection in all patients. Therefore, in any patients included in the study, postoperative paracentesis or anti-glaucomatous medication were not required ( Figure 1 ).
Preop AXL or preop ACD values were also not significantly different among the 3 groups. IOP values at different time periods are summarized in Table 1 . Regarding these data, in the post-injection period, in the dexamethasone group the IOP values were significantly lower compared with the other 2 groups at 1 minute and at 10 minutes. There was not any significant difference between the groups regarding the IOP levels obtained on later periods.
Alterations in IOP levels are summarized in Figure 1 and Table 2 . Regarding these data, there was a transient peak in ranibizumab and aflibercept groups on the first minute that started to decrease at 10 minutes and IOP values returned to preoperative values in approximately 1 hour. Similar alterations were also determined on dexamethasone group with a lesser increase. The differences compared with the preoperative period, at 1 minute, 10 minutes, and 1 hour were statistically significant lower in dexamethasone group compared with the other 2 groups. At those 3 time points, the IOP alterations were not statistically significantly different between the ranibizumab group and the aflibercept group. On the first day measurements, regarding the alterations in IOP values compared with the preoperative data; in the aflibercept group and the dexamethasone group there was a decrease in mean IOP levels, but there was an increase in the ranibizumab group; however, the differences were statistically significant only between the ranibizumab group and the aflibercept group. When the differences between the IOP values on thirtieth day (1 month) and preoperative data were compared among the 3 groups, there was not any statistically significant difference. 
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statistically significantly lower in patients with central retinal vein thrombosis compared with the other diseases (P: 0.001).
There was not any statistically significant difference between different diseases groups regarding IOP alterations (Table 3) .
In correlation analysis, only alterations in IOP levels at first minute were negatively correlated with preoperative AXL values. There was not any correlation between preoperative AXL or ACD values and IOP alterations at any other time points (Table 4) .
Discussion
In this study, we investigated the alterations in IOP values after anti-VEGF or corticosteroid injections and determined that there was a transient peak in all groups on the first minute which returned to preoperative values in approximately 1 hour. After anti-VEGF injections, the alterations in IOP at 1 minute, 10 minutes, and 1 hour were significantly higher than that of the dexamethasone group. In correlation analysis, only alterations Table 4 . Correlation analysis between preoperative AXL or ACD levels and IOP alterations.
Preop -preoperative; AXL -axial length; ACD -anterior chamber depth; IOP -intraocular pressure.
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at 1 minute were negatively correlated with the preoperative AXL values; there were not any other significant correlations between IOP alterations and preoperative AXL or ACD values at any time periods. To the best of our knowledge, the data comparing these 3 drugs is limited in the literature. After injection of these drugs, the complaints of the patients are generally reported in the first minutes and for that reason alterations in IOP in the first minutes were investigated. When we compared the 3 medications, we found a similar increase in IOP after the acute phase. This showed us that this increase was not related to the drug substance, suggesting that there was no difference between these 3 drugs in terms of safety except for the group of risky patients.
Volume of injected fluid, method of application (with or without tunnel), amount of reflux, size of needle, scleral thickness, eye size, posterior vitreous detachment, and vitreous liquefaction have been shown to be the main determinants of IOP alterations after intravitreal injections [11, 12] . Similar with our results, transient alterations in IOP values after anti-VEGF injections have been reported before. Omay et al. [13] reported significant increases in IOP values at the end of 30 minutes after bevacizumab or ranibizumab injections which returned to pre-injection values at the end of the first day. In the same way, Trehan et al. [14] reported a transient rise in IOP immediately after the intravitreal injection of anti-VEGF agents that returned to normal within 30 minutes in all cases. Lee et al. [15] also defined a transient increase in IOP just after intravitreal injection of anti-VEGF agents which normalized in 30 minutes without any significant effects on retinal blood flow. Lim et al. [16] reported significant alterations in IOP in the first 25 minutes after intravitreal injections, which were correlated with the alterations in visual acuity. In the same way, Pece et al. [17] reported that after intravitreal injection of ranibizumab, the mean IOP at baseline was significantly higher than at both 5 minutes and 60 minutes, and at 5 minutes, IOP spikes >40 mm Hg were determined in 18 of 50 patients. We did not determine a peak of >40 mm Hg in our study at any time. In light of these data, we suggest that transient alterations in IOP values is common after intravitreal anti-VEGF injections but frequent IOP monitoring or any prophylactic treatment is not required in a normal healthy population.
We determined a negative correlation between the IOP alterations on the first day and preoperative AXL. Hollands et al. [18] reported a considerable short-term transient rise in IOP at 0 to 30 minutes after intravitreal injection of ranibizumab in both phakic and pseudophakic eyes; they also reported a significant relationship between shorter AXL and IOP increase after 5 seconds. Cacciamani et al. [19] defined that every 1 mm shortening in AXL caused a 5 mm Hg increase in IOP. However, Hoang et al. [20] did not determine AXL as a predictor of transient or sustained IOP elevation in patients with age-related macular degeneration receiving anti-VEGF injections. Similarly, Fuest et al. [21] did not determine any significant associations between AL or scleral thickness and early IOP elevations in their study; but they also included the patients with reflux which was reported as a limitation of that study. In concordance with our study, they reported that there were also not any associations between AC depth and IOP alterations. Thus, we can say that shorter eyes have an augmented IOP increase in the first few minutes compared with longer ones. A simple measurement of refraction might give an idea about the AXL and by this way, in patients with hyperopic error having shorter AXL, higher IOP alterations might be expected.
IOP elevations in late periods after ranibizumab or aflibercept injections are due to toxic effects of these drugs on the trabecular meshwork, uveascleral pathway, or schlemm channel [22, 23] . However, acute IOP increases as reported in our study were mainly due to volume enhancing effects of these drugs and therefore were recovered in a very short-time period.
Dexamethasone is a corticosteroid with great anti-inflammatory activity having different pharmacologic activity, lipid solubility, and delivery requirements compared with triamcinolone [24] . Dexamethasone is less lipophilic and does not accumulate greatly in the trabecular meshwork, and for that reason carries a lower risk of IOP increases [25, 26] . In the literature, the number of studies investigating the effects of dexamethasone implants on IOP levels in acute periods is limited. In a recent study, it was reported that in especially patients with glaucoma suspicion and steroid response, IOP elevations were determined in the first 2 weeks after implantation [27] . Similar with our results, Theodoropulos et al. [28] also reported that after dexamethasone implantation, IOP increases were shortlived, moderate in severity, and readily managed with IOP lowering drugs. In the study of Alagoz et al. [29] , after implantation, there was a decrease reported on the first minute in patients with reflux, while there were not any significant alterations in patients without reflux. In our study, we excluded the patients with reflux and we determined a significant elevation in IOP levels after dexamethasone implantation; which was not as high as seen in the ranibizumab group or the aflibercept group. We believe that this increase was not associated with the physical and chemical properties of dexamethasone that play important roles in late effects of the drug but instead it was due to the volume enhancing effect as seen in the other 2 drug groups. As a matter of fact, in this group, the IOP values recovered in a very short period like the other 2 groups.
One other interesting finding in our study was that the alterations in IOP values in the first minute among patients with central retinal vein thrombosis were significantly lower than those of patients treated for age-related macular degeneration, branch retinal vein obstruction, or diabetic retinopathy.
In long-term results, any significant differences regarding IOP values between patients with central retinal vein thrombosis or branch retinal vein obstruction was not reported before [30] . But age-related macular degermation was regarded as a risk factor for IOP alterations after intravitreal injections [31] . Larger, clinical studies are warranted to elucidate the different IOP responses after anti-VEGF injections in different disease groups.
During intravitreal injections, in order to block the reflux and give the entire drug into the eye, many eye surgeons prefer to enter the eye by creating a tunnel on the sclera and massage the wound area after injection; to prevent the postoperative hypotonia and to prevent the contamination from the open wound site. In our study, we showed that even in the not-atrisk patient group, all 3 drug groups caused IOP increases in the acute phase. Therefore, more increases can be expected in risky patients. In previous studies, these IOP increases were associated with blockage of axonal transport or vascular occlusive events [32, 33] . It should therefore be kept in mind that these drugs might cause eye damage in the early periods as well as known long-term IOP increases and especially those atrisk patients should be followed more closely for IOP increases from early periods on, and should be evaluated for preventive measures such as medications reducing IOP or postoperative paracentesis when required.
There were some limitations in our study that should be emphasized. We could not evaluate the scleral thickness or vitreal conditions since our study was retrospective and those data were not present in our patient records. Moreover, our results were obtained after the first injection of anti-VEGF agents or dexamethasone implant; however, in clinical practice most of the patients required repeated injections and the effects of these repeated injections should also be evaluated.
Conclusions
We determined that there was a sudden, transient increase in IOP values after intravitreal ranibizumab or aflibercept injections, which return to normal values without requirement of any medical treatments in a short-time period. This transient peak was determined to be negatively correlated with the preoperative AXL. Because of the short time to return to normal IOP levels and the similar IOP effects of the 3 drugs, we suggest that the increase in IOP determined in the acute period was due to the volume enhancing effect of the drugs but not to the drug substance. Among the parameters examined, only a negative correlation was found between AL and IOP in very early post-injection periods. This IOP increase returned to normal without the need for any intervention in the group of patients we examined. We might not have encountered a situation that required any intervention because we did not investigate a group of risky patients in terms of IOP increase. However, care should be taken especially in patients with risky eyes in terms of IOP increase, as well as eyes with very short AXLs. Larger prospective studies are warranted to define the effects of preoperative AXL on short-term and long-term alterations in IOP levels in both high-and low-risk patients after intravitreal anti-VEGF injections or dexamethasone implantations.
